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@ Nitrogen-combined aluminum sintered alloys and method of producing the same. 



@ The invention provides aluminum sintered alloys with high dimensional accuracy and high density 
which are superior in mechanical and physical characteristics as well as wear resistence, and a method 
of producing such alloys not by plaistic woridng but by atmospheric sintering with high economy. 
Rapidly solidified aluminum alloy powder resulting from solidifying aluminum alloy molten metal 
containing 0.4 to 4.0% by weight of Mg at a solidification rate of lO^sec or more is press molded in the 
cold, after annealing in the temperature range of 250 to 450^C if necessary, and then tiie nK>lded product 
is sintered t^ generating nitrogen compounds on the powder surtece at atmospheric pressure with a 
nitrogen partial pressure of 0.8 aim or more and a steam partial pressure of 0.01 atm or less in whidi a 
reducing gas component has been added as a nitrogen-oombining acceleration gas component by 0.01 
atm or more. Thus, a nitrogen-combined aluminum sintered alloy conteining 0.4 to 4.0% by weight and 
0.2 to 4.0% by weight of nitrogen is obtained. 
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BACKGROUND OF THE INVEKTTION 

1. Field of the Invention 

5 The present invention relates to aluminum sintered alloys with high accuracy and high density which are 

excellent in mechanical and physical characteristics as well as superior in wear resistance. The invention also 
relates to a method of high economically producing such alloys not by plastic working but by atnriospheric sin- 
tering. 

The present invention is to provide aluminum alloys satisfying such characteristic requirements as are de- 
10 manded for mechanical structure parts, by atmospheric sintering that allows the aluminum alloys to be formed 
into various shapes at a high degree of freedom. Examples of its industrial applications include compressor 
parts such as side plates, housings, cylinders, casings, vanes, shoes, and rotors, autonf>obile parts such as 
timing pulleys, oil pump rotors, and bushings, and business machine components such as rollers, gears, and 
bearings. 

15 

2. Description of the Prior Art 

Aluminum powder or aluminum alloy powder generally has a hard oxide film, which is impossible to reduce, 
existing on its surface. Therefore, in producing aluminum sintered alloys, it is necessary to break up the oxide 
20 film to form metallic contact portions among the powder particles, and thus allow the metal atoms to be dif- 
fused. Unless powder particles are strongly coupled together by diffusing metal atoms, strong sintered products 
could not be otitained. Conventionally, two methods have been avanade for this purpose. 

(1) Mixing a sintering aid 

25 

This nf>et hod is carried out in the following way. After a powder having an alloy component which generates 
an eutectic liqukl phase on the side lower than the melting point of aluminum or aluminum alloy composition 
is added to a material as a sintering aid, compression molding is effected. An eutectic liqukl phase is generated 
from metallk: contact portions between the sintering aid formed in the molded product during the temperature 
30 elevation process of the sintering progression and aluminum powder or aluminum alloy powder, thereby allow- 
ing the metallic contact portions to be expanded, whereby the sintering is made to progress. 

Japanese Patent Laid-Open Publication SHO 47-34006 has proposed a method of producing aluminum 
(Al) sintered alloys which comprises sintering a molded product, in which aluminum powder is mixed with Cu 
or Cu-Sn powder, under a non-oxkiized or reducing atmosphere. 
35 Japanese Patent Publication SHO 51-13444 has proposed a method In which a powder of Mg, Zn, or the 
like is added as a sintering aki. 

Japanese Patent L^id-Open Publication SHO 50-96409 has proposed a method in which Mg powder or a 
Cu-Mg base alloy powder is added as a sintering aki. 

Japanese Patent Publk»tions SHO 61-17895, SHO 61-54855, SHO 61-6243, and SHO 62-6626 have dls- 
40 dosed methods in whk:h Cu. Mg, Si, Zn, or other element powder or alloy powder is mixed as a sintering aid. 

The following description is made upon the process of produdng sintered alloys containing Si. 

Japanese Patent Publk»tion SHO 53-118209 has proposed a method of produdng sintered products con- 
taining 20 to 50% by weight of Si in total, wherein an Al-Si binary alloy powder having a composition in the 
vidnity of AI-11.7Si, which is an eutectic composition, is mixed with a metal Si powder and, as required, an 
45 alloy powder as sintering akis. 

Japanese Patent Publication SHO 60-38442 has proposed a method of produdng low-Si-content low-den- 
sity sintered products with Z1 % or less by weight of Si, wherein Al powder or AI-SI aik>y powder is mixed with 
Al-Cu-Mg, Al-Cu-Mg-Si. or Cu-Mg-Si alloy powder as a sintering aid at a compounding ratio of less than 30% 
by weight, and the mixture, after compression mdding, is sintered in a temperature range of 550 to 650^*0. 
50 Further, Japanese Patent Publication SHO 59-37339 has proposed a method of produdng high-Si-content 
sintered products, wherein Cu, Mg, or Si component is added and blended as a single-component powder or 
alloy powder. This publication also describes an example in which an AI-25Si-2Cu-0.5Mg alloy powder is sin- 
tered in a high-purity nitrogen gas (dew point -70''C or lower) atmosphere at 555^*0 for 60 min, in which case 
the resulting sintered produd showed a tensile strength of only 9.2 kg/nun^. 

55 

(2) Adding plastic working 



This method Is one newly devdoped in recent years as a new powder metallurgteal technique, in which 
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powder partides are coupled together by plastic working. More specifically, the powder is plastically deformed 
by applying intense plastic working to the powder so that the oxkle film on the powder surface is broken up 
and segmented, and that adjoining powder particles are coupled together, thus generating metallic contact por- 
tions. The oxide f Bm is broken up by physical means, eliminating the need of any sintering akl. The plastic work- 

5 ing method may be the hot pressing, powder forging, powder extruding, powder rolling, or the like. The method 
by plastic working allows processing in relatively low temperature ranges, so that high-density alloys retaining 
to some extent the effect of the rapid solidification can be obtained. 

Japanese Patent Laid-Open Publication SHO 60-121203 has proposed a method of extruding aluminum 
alloy powders at 250 to 550*^0 with an extruding ratio of 4 : 1 to 15 : 1 . In this case, since strong shear force 

10 is applied to extrude an aluminum alloy powder, the oxide film is broken up, so that internal metals of adjoining 
powder partides are coupled together. 

Japanese Patent Lakl-Open Publication SHO 61-1 36602 has proposed a method of hot pressing aluminum 
alloy powders after hot nrK)lding. The hot pressing acts to break up the oxide film on the powder surface, bring- 
ing the internal metals into contad with one another, with the metal atoms diffused. 

15 Any of these methods, (1) mixing a sintering aid, and (2) adding plastic working, makes it possible to break 
up the oxkJe film and bring metals into contad with one another, whereby metal atoms can be diffused through 
the contad portk>ns. 

However, the above-described conventional methods of producing aluminum sintered alloys have the fol- 
towing drawbacks. 

20 

(1) Drawbacks of the method using sintering aid 

In the method in which a powder mixed with a sintering aid that generates an eutedic liqukJ phase is sin- 
tered after compression molding, there is a problem that the places where the eutedk: lk)uid phase is gener- 
25 ated are maldistributed, due to the fact that the sintering aid distribution is performed by the mixing method. 
This leads to a great possibility that density spots or segregation will take place in terms of composition, re- 
sulting in poor honriogeneity in the powder's sintered state. Since coarse pores and orifices tend to remain, it 
is difficult to obtain high-accurisicy and high-density sintered products. 

Any sintered produd obtained by this method would invohre coarsened fine deposits, which are to be gen- 
30 erated by rapid solidification. Thus, it would be greatly inferior in mechanical charaderistics to those obtained 
through plastk: working. 

(2) Drawbacks of the method by plastic working 

35 Sintering by plastk: working advantageously allows processing in relatively k>w temperature ranges and 
offers high-density materials. However, being required to apply high pressures in processing, this method in- 
vdves expensive equipment and high production cost Moreover, it is subject to conf igurational restrictions, 
making it difficult to produce near net shaped materials, with lower material yield. 

40 SUMMARY OF THE INVENTION 

The conventional method emptying sintering akis, in which a Ikfuid phase is generated by an eutectk: re- 
action, is accompanied by maldistribution of the eutectic liquid phase, density spots, segregation, and the I3(e, 
so that high-accuracy, high-quality sintered alloys cannot be obtained. This is due to the fad that an eutedic 
45 liqukl phase is generated at Interfaces between Al powder or Al alloy powder and sintering aid. the oxide f Dm 
is segmented, and sintering is carried out Disordered distribution of the sintering aid causes disordered dis- 
tribution of the eutectic liquM phase, permitting the occurrence of density spots, segregation, and the IBce. 
Hence, the present invention has as its primary object to produdng Al sintered alloys wittiout using any sintering 
aid. 

50 Further, use of plastic working would involve Increased equipment expenditure and produdlon cost, as 
stated above. Thus, another object of the invention is to produce Al sintered alloys without using plastic work- 
ing. 

Nitrogen-combined aluminum sintered alloys of the present invention are charaderized by containing 0.4 
to 4.0% by weight of Mg and 0.2 to 4.0% by weight of nitrogen. The method of produdng the same of the in- 
55 vention is charaderized In that rapidly sdldrfied aluminum alloy powder resulting from solMrfying aluminum 
alk>y molten metal containing 0.4 to 4.0% by weight of Mg at a solidification rato of 1 0^C/sec or more is molded 
by cdd pressing, after annealing in the temperature range of 250 to 450''C if necessary, and then the mdded 
product is sintered by generating nitrogen compounds on the powder surface at atmospheric pressure with a 
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nitrogen partial pressure of 0.8 atm or more and a steann partial pressure of 0.01 aim or less in wh ich a reducing 
gas component has been added as a nitrogen-combining acceleration gas component by 0.01 atm or more. 

In brief, aluminum sintered alloys of the present invention are sintered at lower than the melting points of 
powder compositions in high accuracy at atnrK>spheric pressure without plastic working, which are accomplish- 
5 ed by molding an aluminum alloy powder containing Mg and accelerating the sintering process through the 
nitrogen combining reaction of the molded product with nitrogen components contained in the sintering gas 
atrriosphere. 

The atmospheric pressure herein refers to such ordinary pressure that the pressure applied to the molded 
product in sintering is derived from the atmospheric gas, meaning that no extraordinary high pressure such 
10 as applied in the foregoing plastic working is used. 

Simultaneously effecting the reform of powder surface by addition of Mg and the combining reaction with 
atmospheric nitrogen has made tt possible to accelerate the sintering phenomenon of aluminum alloy powders, 
which has t>een considered difficult to implement up to now. However, since physical and mechanical charac- 
teristtes of a sintered alloy depend largely upon the density of the sintered product, it comes a second point 
IS how compact a sintered product can be obtained. As the method for this compaction, the following two methods 
have been found which use rapidly sdkiif led alloy powder. 

(1) Method involving densificatk>n in the nfK)lding process 

20 To obtain high-accuracy, high-density sintered products, it is effective to densify the material in its molding. 
The nrK>ldtng method may be pressing, cold isostatic pressing, or the like. In the case of pressing, some 
powdered lubricant is mixed or some lubricant is applied directly onto the metal nfH>ld, in order to prevent the 
occurrence of seizure with the metal mold or to improve the fluidity of the powder. Generally, elevated nriolding 
pressure will allow higher density. However, it involves higher toad to the die, which leads not only to limited 

25 molding shapes but to shortened servk:e life of the die as well. Thus, such high pressure moldings as exceeds 
8 to 10 ton/cm^ are not adopted in ordinary cases. Accordingly, to obtain high nrx>lding density, it is necessary 
to use a material powder superior in compactibility and moldability. 

The molding density, although affected also by the shape of powder and the like, depends largely upon 
the hardness of powder. To accomplish high densif ication in molding, it is important for the powder matrix to 

30 be of the soft type. 

From the standpoint of hardness of the molding powder, the matrix composition of the molding powder 
desirably consists of a lower alloy component However, age-depositbn hardening type elements are added 
in view of the need for ensuring practical strengths, while powder is subjected to overaging treatment so as to 
be softened for the purpose of giving such a composition that characteristic enhancement can be achieved 
35 through heat treatment 

To ensure the proper physical and mechanical characteristics or wear resistance, it is effective to disperse 
the hard partides into a nnatrix. The hard particles are desirably ceramics or other lice hard particles which 
will not dissolve In a matrix, or Si crystals of small solubility, so as not to deteriorate the compactibfllty of the 
powder. Powdering the molten metal that results firom dispersing the hard particles or dissolving SI will allow 
40 the hard partides or Si crystals to be dispersed finely and honrK)geneously by rapid solidification. In this case, 
also, even if a large amount of partides and Si are contained, the partides and Si crystals can be suppressed 
firom being bridged, whk:h in turn serves to reduce the effect upon high densification. 

FurthernrKwe, the sintered product can be increased in strength by partly mixing soft powder to thereby 
DTiprave the moldability and compactibflity. 

45 

(2) Method involving high densification in sintering process 

For applications in which heat resistance and heat stability or high mechanical characteristics, there arises 
a need for a matrix having high alk>y content in which a hard, stable internnetallic compound has been dispersed. 

50 According to the rapid solklification method, it is possible to contain Fe, Ni, and Mn, which could be added In 
only smaD amounts by the ingot method, or Tl, Cr. V. Mo, Zr, and the like, with a view to hardening the base 
and improving the heat resistance. However, although the nnoldability and compactibility can be Improved to 
some extent by powder annealing, the matrix hardness is so high that the sintered product can hardly be high 
densified only by nrKilding, necessitating some producing method for fiacilitating the compaction in sintering 

55 process. In general, if a liquid phase generated in the sintering process, the compactton can be achieved, 
whereas any excessive aniount of liquid phase or disordered distribution of the liquM phase generated would 
result in deteriorated dimenstonal accuracy. Moreover. agreatanxHjnt of liquid phase, if generated, would incur 
a coarsened structure of the product 
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A liquid phase sintering method available is one in which a liquid phase is generated by a conventional 
eutectic reaction, and then sintered. This method may encounter difficulties due to the fact that the eutectic 
liquid phase is generated at the interfiaces between Al powder or Al alloy powder and sintering aid to implement 
the sintering process. This being the case, the difficulties inherent in the sintering method which involves the 

5 addition of a sintering aid are to be solved by a method which involves no addition or mixing of sintering aids 
to accomplish the sintering. More specifically, it is arranged that a small amount of liquid phase is generated 
homogeneously within the individual powder particles, thereby distributing the liquid phase with high density 
and honrK>geneity within the molded product, so that uniform shrinlcage in the sintering process can be realized 
and high dimensional accuracy can be obtained. 

10 According to the present invention, in order to generate a liquid phase within the powder, first the nriolten 
metal of a composition containing Cu and Mg at the same time is rapidly solidified in its powdering, thereby 
producing a powder in which such a semi-stable phase is formed as will allow a liquid phase to be generated 
below the melting points of the required alloy composition. The semi-stable liquid phase that has been gener- 
ated in the course of heating process of the powder acts to segment the oxide film on the powder surface. 

15 allowing the metallic contact portions to be expanded along with progress of sintering. Since the phase's state 
within the nralded product is of homogeneity, even a small annount of liquid phase could allow a uniform shrink- 
age in a short time, in which case high-accuracy, high-density sintered products with extremely small compo- 
sition spots and segregation can t>e produced. 

Also in this case, softening the powder by powder annealing within such a range as will not impair the 

20 generation of the liquid phase allows high-density molded products to be obtained under low pressures, which 
is effective to implement high densif ication of the sintered products. Further, partly mixing a soft powder allows 
the molding density to be increased with increased sinterability. 

This alloy contains Cu and Mg, which makes it possible to improve the strength through heat treatment 
In the method involving high densifk:atk)n in the sintering process, the mechantoal and physical charac- 

25 teristic can be further improved, if requied. by dispersing the fine particles. Although mixing is a simple method 
to add dispersed particles, it encounters a problem of coalescence of particles so that the effect of improvenrient 
in mechanical characteristics cannot be derived. Thus, in the present invention, it is devised that dispersed 
particles are refined and dispersed with uniformity and high density to thereby improve mechanical charao- 
teristks to a large extent, by using a nnethod of powdering the molten metal containing dispersed partk:les in 

30 the process of producing powder, or a method of mechanically crushing and re-coalesctng mixed powder. 

Sintered materials obtained by the method of the present inventbn can afford near net shaped materials, 
which is a merit of the conventk)nal powder metallurgical technk^ue. Also, the sintered materials, if provided 
wit h an adequate amount of pores distributed therein, can be processed with high accuracy by sizing or coining. 
In consequence, the method of the inventkm can be said to be a method of economk:ally produdng high- 

35 accuracy sintered products with a high degree of freedom of shaping. 

In the present invention, composition and production conditions are limited. What are meant by these linv 
itatk>ns are explained below. 

[AnKHint of Mg to be added] 

40 

The amount of Mg to be added is important in the present inventk>n. Mg acts to reduce the oxide f Om formed 
on the powder surface in the atomizing in sintering, and moreover to facDitate the reaction with nitrogen at- 
mosphere to expand the metallb contact portions, thereby accelerating the sintering phenomenon, if Mg is 
present together with Si or Cu, it becomes possible to improve mechanical characteristics by effecting solution 
45 treatment and aging treatment If the Mg addition amount is bek)w 0.4% by weight, such effects as described 
at>ove will be insufficient Conversely, if it exceeds 4.0% by weight, the dimensional accuracy of the sintered 
product wDI be deteriorated, or heat resistance and toughness of the base will lower. Therefore, the desirable 
content of Mg is 0.4 to 4.0% by weight 

50 [Content of nitrogen] 

To contain nitrogen is particularly important in the present invention. Nitrogen is present as a nitrogen conrv 
pound that is generated on the powder surface in sintering from reaction of atimospheric nitrogen and an alu- 
minum alloy, and it fadlitates the sintering phenomenon. Further, nitrogen compounds are such hard com- 
55 pounds as to provkle increased wear resistance. If the content of nitrogen is lower than 0.2% by weight such 
effects as described above wfll be insuff teient Conversely, if an anrraunt of nitrogen compound exceeding 4.0% 
by weight is present, the toughness of the sintered product will lower. Therefore, the desirable nitrogen content 
is 0.2 to 4.0% by weight 
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[Form of nitrogen compound] 

The combining reaction of raw powder and nitrogen occurs on the powder surface, while the nitrogen conv 
pound is generated on the prior powder interface or prior powder surface, contributing to the coupling between 

5 powder particles and facilitating the sintering. Also, unlike the case where the nitrogen compound is dispersed 
as particles, the nitrogen compound of the present invention is generated by reaction and therefore superior 
in cohesion and extremely densely dispersed, so that it contributes to much increase in wear resistance and 
hardness. However, a nitrogen compound layer, if exceeding 10 ^m. would be a cause of decrease in tough- 
ness, its thickness being preferably not more than 10 ^m. Under common sintering conditions, the thickness 

10 of the nitrogen compound should be 0.1 to 5 

[Solidifk:atk>n rate of atomized powder] 

In the present invention, the solidification rate of the aluminum alloy molten metal in producing atomized 
IS powder is of importance. In the method of liquid>phase sintering in which a semi-stable phase is lk|uef ied in 
sintering, it is essential that a semi-stable phase has been generated to the material powder, the semi-stable 
phase being generated by rapid solidification. If the solidification rate is less than lO^C/sec, the semi-stable 
phase will not be generated, or otherwise only such a small anrwunt of it will be generated that the sintering 
will not progress adequately. 

20 Further, in the nriethod in which high densif teation is involved in molding, it is effective to accumulate dif- 
fusion energy during sintering by rapid solidification, in order to fecilitate the sintering phenomenon. If the sol- 
kJification rate is less than lO^^C/sec, such effects as described above wDI be insufficient Therefore, the sol- 
kiification rate is desirably not less than lO^C/sec. 

25 [Particle size of powder] 

When powder is produced by an atomizing method, the solidrf icatk>n rate differs depending on the particle 
size of powder. The frequency of metallic contact portions among powder particles and the surface area re- 
acting with nitrogen are affected also by the sdidif icatk>n rate. If the maximum partide size of powder exceeds 
30 350 ^m, or if the mean partrcle size exceeds 75 ^m, the sinterabQity will lower. Accordingly, the maximum par- 
ticle size is desirably not more than 350 ^ and the mean partide size, not more than 75 ^m. 

[Granulation of powder] 

35 Too small partide size of atomized powder result in poor fluidity or chargeability of the powder into the 
die. Thus, by mechanically granulating the atomized powder, the sintered product can be provkJed with higher 
accuracy as a powder which is superior in fluktity and chargeability in such a state that the degree of rapki 
solldif k»tk>n and physical properties of the powder are maintained appropriately. 

40 [Annealing of powder] 

If there is a need of improving the mddabiltty and compactibility, it is proper to subject the powder to an 
annealing treatment Atomized powder is rapidly solidified, endowed with a high hardness, so that it can be 
improved in mddabiity and compactibility by being softened when annealed at temperatures higher than the 

45 aging treatment temperature of the alloy. The annealing will take a long time to soften the powder by overaging 
at temperatures lower than 250^C. In contrast, at temperatures over 450''C, powder partkdes are sintered 
among them, or sintering energy accumulated through rapki soikiif ication is consumed, or the semi-stable 
phase is stabilized, disadvantageously. Thus, the annealing is carried out at temperatures of 250 to 450''C. In 
this range of temperatures, if the powder is elevated in temperature to the annealing temperature at a normal 

so heating rate, the pure-component powder will be softened. To implement annealing with higher honrK)geneity, 
the annealing is required to be held for at least 30 to 60 minutes. 

[Cold pressing] 

55 Hot molding may also be applied for higher-density molding. In the present invention, however, cold press- 
ing is appropriate in terms of the economy and its effects. 
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[Lubricant] 

In the pressing die, it is usual case to mix a powdered lubricant to the niaterial powder for the purpose of 
prevention of seizure with the nnetal mold, or to apply a lubricant directly onto the metal mold. The lubricant to 
5 be added is required to have such tendencies that it will gasify at temperatures below the sintering temperature 
and wHI not impair the sinterability. 

[Using low-hardness powder] 

10 MUing a powder lower in hardness than a material powder allows improvement in the compactability. The 
Mg content of a low-hardness powder to be added is set to 0.4 to 4.0% by weight from the reason described 
before. In order to ensure the softness of the powder, t he Al component needs to be over 85% by weight. Other 
components nr^ay be contained if their hardness is lower than that of the main-material powder. The mixing 
amount of the low-hardness powder is set to 30% by weight or less. If it exceeds this level, there will arise 

15 portions where the iow-hardness powder particles added are sintered among them, causing the effect of 
strength improvemertt to be reduced. For this reason, the mixing amount should be 30% by weight. 

[Relative density of molded product] 

20 In a method in which high densif ication is involved in molding, if the relative density of the molded product 
is less than 90%, the resulting strength of the sintered product will be a low one. To avoid this, it is desirable 
to set the relative density to 90% or nfK>re. The molding density should be as high as possible with a view to 
obtaining sintered products superior in strength and toughness. 

Further, in the liquid-phase method in which high densif ication is invoh^ in sintering, although t he powder 

25 . is too hard to obtain a high molding density, the strength of molded products results in a low one with the relative 
density of molded product lower than 70%. Therefore, the relative density should be not less than 70%. 

[Sintering atmosphere] 

30 In the present invention, the sintering atmosphere is particularly important In order that a nitrogen conv 
pound is generated on the powder surface in sintering to accelerate the sintering phenomenon and improve 
the wear resistance of the sintering material, there is a need of forming an atmosphere composed primarily of 
nitrogen gas. For this purpose, the nitrogen partial pressure is required to be 0.8 atm or more. Moreover, at 
the same tone, a reducing gaseous component needs to be added to 0.01 atm or more as a gaseous component 

35 that serves to accelerate the nitrogen combination on the powder surface. Alt hough pressurization will facilitate 
the sintering to some extent, the atmospheric pressure may be sufficient to obtain the improved product of 
the present invention in terms of economy and equipment invoh^ed. Also, higher steam partial pressure in the 
atmosphere would cause the Mg component to react with steam component, the Mg component serving to 
reduce the powder surface oxide film during sintering and to accelerate the reaction with the atmospheric ni- 

40 trogen, thus impairing the effect of the addition of Mg component Furthermore, steam acts to decompose the 
nitrogen compound formed on the powder surfece. Also to make the moisture adsorbed on the powder surface 
evaporate and decompose during the process of temperature elevation up to the sintering temperature, the 
steam partial pressure should be controlled lower level. Therefore, it is of importance to suppress the steam 
partial pressure to 0.01 atm or less. 

45 

[Sintering temperature] 

Molded products are heated to proper temperature so as to be sintered. The sintering temperature differs 
between (1) alloy systems for production methods in which high densif Ication is involved in molding, and (2) 

50 alloy systems for production methods in which high densif ication is involved in sintering. In the case of (1 ), the 
sintering temperature should desirably range from 500 to 570''C. At temperatures below SOO^C, the amount of 
reaction with atmospheric nitrogen would result In a poor one, so that the sintering phenomenon by solid state 
diffusion will not progress to appropriate extent Conversely, if the temperature exceeds 570''C, it approaches 
the eutectic point of Al - Si, 578''C, so that the alloy is softened and deformed with deteriorated dimensional 

55 accuracy of the sintered product, resulting in a coarsened structure. In order that the sintering is made to ap- 
propriately progress with ensured accuracy to thereby suppress the structure from being coarsened, the sin- 
tering temperature should be set to 500 to 570'>C. For stricter accuracy, it is desirably 520 to 550*^0. On the 
other hand, in the case of (2), the sintering temperature Is set higher than the liquid-phase generation tenrv 
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perature Tc of the semi-stable phase obtained through rapid solidification, and lower than the melting point 
Tm of the powder. Of course, the liquid-phase generation temperature Tc of the semi-stable phase and the 
melting point Tm differs depending on the alloy composition of the powder. The alloy systems of the present 
invention have the liquid-phase generation temperature of semi-stable phase in the vicinity of 500°C, and the 
5 melting point of powder in the vicinity of 580''C. 

[Sintering time] 

Molded products are heated for a proper time in the range of sintering temperature so as to be sintered. 

10 A sintering time of 20 to 30 minutes allows the sintering to progress. However, to ensure the uniformity of sin- 
tering and higher strength, it is actually desirable to effect t he heating for 1 to 4 hours. The amount of reaction 
with the atmospheric nitrogen increases with increasing sintering time, while the sintering phenomenon pro- 
gresses. During this process, the sintered product is further compacted along with changes in the form and 
size of the deposits which are effective to improvement in wear resistance. Therefore, the sintering time should 

15 be selected depending on the characteristics and dimensional accuracy required. Also, in a method in which 
high densrf ication is invohred in sintering, the rate of progresses of sintering is fast due to occurrence of the 
liquid phase in sintering. Thus, quite a shorter sintering time will do for the method, compared with methods 
in which high densif ication is involved in nK>lding. 

20 [Dimensional changes in sintering] 

In alloy systems taking a nDethod in which high densif ication is involved in molding, it is possible to render 
high accuracy sintering by suppressing dimensional changes in sintering. The dimensional change rate for en- 
suring the dimensional accuracy is to be within 1 .5%. For stricter accuracy, it should desirably be within 1 %. 

25 

[Relative density of sintered product] 

Young's modulus and mechanical characteristics of sintered products become more superior as the relative 
density of the sintered product becomes higher. To ensure a tensile strength of 25 kg/mm^ for sintered alloy 

30 systems with which high densif ication is involved in molding, or a tensile strength of 30 kg/mm^ for those with 
which high densif ication is involved in sintering, the relative density of the sintered product needs to t>e over 
90%. For stricter nr^echanical characteristics and the like, it is also possible to produce sintered products with 
relative density of 97% or more. Further, if the relative density is approxinnately 94 to 96%, it becomes possible 
to accomplish successful sizing and coining, offering high-accuracy products. Yet further, oil impregnation to 

35 pores in the sintered product, if implemented, allows the product to have a lut>ricity. For the sintered product 
to have such an effect, the upper limit of the relative density of the sintered product is set to 99%. 

[Alloy composition when high densification is involved in molding] 

40 A requirement for the material powder in the method in which high densif rcation is involved in nrK>lding is 

that the matrix prior to n>olding is of soft type. Accordingly, alloy components are necessarily limited as follows. 

Mg component, being an indispensable component for the present invention, will not substantially impair 
the nDddabaity and compactibtlity of the powder in the range of 0.4 to 4.0% by weight, as described before, if 
the annealing treatment is performed. However, when Cu, Mn, Fe, Ni, or the like are contained in order to inv 

45 prove wear resi^nce or heat resistance by increasing the strength and hardness of the matrix, a total anDount 
of addition of them over 2.0% by weight would cause the compactibility in molding to be deteriorated, thus the 
total amount of them being limited up to 2% by weight Further, as an added element that can serve to improve 
the material characteristfcs without impairing the moldability and compactibility. Si component has been found 
which has a small amount of solid solution into the matrix, exhibiting the particle diffused type structure. Ad- 

50 dition of Si exerts effects on reduction in coefficient of thermal expansion, increase in rigidity, improvement 
in wear resistance, and the like. Since these effects are still less with the Si addition amount below 4.0% by 
weight, the k>wer limit of the addition Is set to 4.0% by weight In the present Invention. If the Si addition annount 
exceeds 40.0% by weight adverse effects upon the moldability and compactibility become no longer negl igible. 
and nrKMBOver Si crystal diameter in the sintered product increases such that its toughness will be deteriorated 

55 and so is its grindability. Thus, the upper limit for the addition is set to 40.0% by weight 
The alloy systems of the Invention, containing Si and Mg, can be heat treated. 
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[Alloy composition when high densif ication Is invoh^ed In sintering] 

To alloy compositions for the methods in which high densif ication is involved in sintering by liquefying the 
semi-stable phase, addition of Cu needed to form the semi>stable phase is indispensable. With insufficient 

5 amount of Cu added, it is likely that no semi-stable phase will t>e generated or that even if it is generated, there 
cannot be obtained a liquid-phase amount needed for compaction. If the amount of Cu added is too much, the 
resulting liquid-phase anruxint will be too much, deteriorating the dimensional accuracy. Accordingly, the 
amount of Cu added to generate the semi-stable phase to a necessary amount is 1.0 to 8.0% by weight. The 
present system alloy contains Mg also, making it possible to render age-hardening heat ti-eatment. 

10 In sintering methods in which compaction is performed by liquid-phase sintering, there is only a small nec- 
essity of high densif ication in nK>ldlng, in which case hard powders superk>r in wear resistance and heat re- 
sistance can be used. Cu is an essential component to generate the semi-stable phase and, besides, has a 
role to harden the matrix. Further, available as components having good effects for characteristic improvement 
are transition elements such as Fe, Ni, and Mn. Adding such transitk)n elements as Fe, Ni, and Mn will produce 

15 effects upon reduction in coefficient of thermal expanston, increase in rigidity, improvement in wear resistance, 
and the like. Conventk)nal forging methods would allow these transition elements to be added in only a small 
anrK>unt The rapid solidification used in the present Invention allows the transition elements to be added at 
high concentrations, so that hard, fine crystallized products and deposits are generated through rapid solidi- 
fk;ation, greatiy improving the seizure resistance and strength. Moreover, the resulting crystallized products 

20 and deposits rather exhibit thermal stability, effectiveness for improving the heat resistance, and small degree 
of coarsening even in the sintering temperature range. The total content of those elements (Ni + Fe + Mn) below 
5.0% by weight would offer the foregoing effects, thus desirably over 5.0% by weight. Conversely, the total 
content of (Ni -i- Fe -i- Mn) over 30.0% by weight would result in too high a melting temperature, making it difficult 
to melt the alloy and nrwreover causing enlarged deposits within the sintered product, which leads to deterio- 

25 rated toughness and grindability, unfavorably. Accordingly, the amount of (Fe + Ni -t- Mn) added is desirably 
5.0 to 30.0% by weight 

Furthermore, if mechanical and physical characteristics are required to be improved, it is effective to add 
Si or T1, Cr, V, Mo, Zr, and the like. In particular, the effect of adding Si will help the reduction in coefficient of 
thermal expansion, increase in rigidity, improvement in wear resistance, and the like, as described above. How- 

30 ever, in the case of Ik^uid-phase sintering, since Si crystals are coarsened and toughness reduced, the 
amount of Si that can be added becomes less compared with the sintering method in which high densif ication 
is involved in nKdding. The present inventor has disclosed a method of producing Al - high Si alloy utOizing this 
semi-stable liquefying phenonnenon in Japanese Patent Publk^ation HEI 3-124846, in which case too much an 
amount of Si added would be a problem in applications that need material's toughness and reliability. Thus, 

35 in the present invention, in which the toughness can be retained and thermal expansion and wear resistance 
can be improved through addition of transition elements, the upper limit of Si addition is set to 8.0% by weight, 
which will not cause the toughness of to be deteriorated to a considerable extent Also, since the ingredients 
of Ti. Cr. V, Mo. and Zr are expensive and moreover their addition anKxint over 8.0% by weight would cause 
reduction in toughness, the upper limit of the addition has been set to 8.0% by weight 

40 The present invention is not required to contain these elements. 

[Dispersion of hard particles] 

When mechanical and physteal characteristics, In particular, need to be improved, it can be achieved by 
45 dispersing fine partk^les. Particles to be dispersed have only to be able to improve the coefficient of thermal 
expansion, rigidity, strength, wear resistance, and the like, when made composite. The particles are desirably 
free firom disperskm diffusion or condensation growth. Such particles to be selected for this purpose include 
intermetallic compounds, carbkles, oxides, nitrides, borides, silickJes, and the like. Examples are listed below. 
(1) Intermetallic compounds: Transition nr^tal aluminide, transition metal compounds 
so (2) CarfokJes: Aluminum carbide, silicon carbide, titanium carbide, boron carbide, etc. 

(3) Oxides: Alumina, silica, mullite, zinc oxkJe. yttria, etc 

(4) Nitrides: Ahimina yttride, siPicon nHride, titanium nitride, etc. 

(5) Borides: Titanium boride, etc. 

(6) Siliddes: Molybdenum silicide, eta 

55 

[Particle size of dispersed particles] 

Size of particles is also an important factor. This differs depending on the primary Intention. 
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(1) For enhancement in dispersion ... 0.1 to 1 ^ 

Intended to stop the movement of transition by the dispersed matters, in this case, particles of fine 
particle size on the order of 0. 1 to 1 ^m are desirable. 

(2) For compounding effect ... 1 to 20 ^m 

5 Intended to ensure the degree of coupling at the matrix interfaces of composite particles, thereby en- 

hancing the volume ratio. 

(3) For improving wear resistance ... 5 to 30 ^m 

Intended to disperse relatively coarse particles of 5 to 30 fun, thereby preventing the particles to fall 
off by sliding movement These particles may be added singly or in combination in plural types. 

10 

[Amount of dispersed particles] 

The amount of dispersed particles belowO.5% by volume would result in no exertion of the effect of adding 
the particles. Conversely, its amounts exceeding 30% by weight would cause deteriorated grindability and 
IS toughness. Accordingly, the amount of dispersed particles is desirably 0.5 to 30% by weight. 

[Means for adding dispersed particles] 

As the means for adding dispersed particles, a mixing method In which these dispersed particles are mixed 
20 to the nnaterial powder is economical and easy, exerting effects upon improven^nt in physical characteristic 
values. However, in a simple mixing method, dispersed particles will be present only at old powder grain boun- 
daries with the result that the particles cannot be dispersed within the powder, in which case substantial char- 
acteristic improvement by dispersion of particles is difficult to accomplish. Also, when fine particles are dis- 
persed, the method is improper because sintering couplings among powder particles are obstructed. To solve 
25 this problem, it is effective to disperse the particles within the powder particles. Two methods are avaDable 
as the solution. 

(1) Method in which molten metal containing dispersed particles is powdered in the process of manufacture 
of powder 

This method is to powder the nK>lten metal to which particles have been added by rapid solidification. 
30 Since the particles are added before powdering, particles are dispersed in the interior of the powder. It is 

necessary to use an ingot which contains uniformly dispersed particles previously manufactured by dis- 
solution casting or to add dispersed particles into nrK>lten metal and perform induction-dissolution with high 
agitation ability. 

(2) Method in which mbced powder to which dispersed particles have been added is mechanically crushed 
35 and re-coalescened 

This method is to add particles to rapidly solidified powder and subject them to mechanical crushing 
and re-coalescence. This mechanical crushing and re-coalescing processing allows the added particles 
to be finely and uniformly integrated Into the aluminum alloy powder, it is also possible to generate and 
disperse carbides, oxides, or intermetaOic compounds by mechanical crushing and re-coalescing process 
40 during the processing. 

This processing is carried out not by the wet process such as ball mill crushing and mixing but by the dry 
process. In some cases, a stearic add or alcohol is added in a small amount as a PCA (Process Control Agent) 
to prevent excessive coalescence. As the processing system, an attritor is suitable for high-speed processing. 
On the other hand, the ball mill, although taking a long time processing, allows an easy control of atmosphere, 
45 capable of offering a good economy only if the throw-in energy is properly designed. 

Processed powder obtained in this way is such that dispersed particles contained therein are finely crush- 
ed and dispersed uniformly in the powder. Thus, with the sintering of the powder, there can be produced alu- 
minunrvbase-particles combined sintered alloys in which fine particles have been dispersed uniformly and with- 
out any segregation. 

50 

[Sizing and coining] 

Sintered products, having pores in their interior, can be treated with sizing or coining, which allows a great 
improvement in surface roughness and dimenstonal accuracy. Thermally processed products may also be sub- 
55 jected to the processing of sizing and coining. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view of the structure of nitrogen compounds observable in the sintered products of powder comv 
positions (1) and (2) according to Example 1 of the present invention through a scanning type electron 
5 microscope; 

Fig. 2 Is a view of microstructures of the sintered products of powder compositions (1) and (2) according 
to Example 2 of the invention; 

Fig. 3 is a view of microstructures of the sintered products of powder compositions (1). (2), and (3) and 
that of cast A390 alloy heat-treated product according to Example 3 of the invention; 
10 Fig. 4 is a view of microstructures of sintered products of powder compositions (1). (2), (3), and (4) ac- 
cording to Example 4 of the invention; 

Fig. 5 is a view of microstructures of the sintered products of powder compositions (1) and (2) according 
to Example 7 of the invention; and 

Fig. 6 is a perspective view showing the nrK>lded product shaped Into a side plate according to Example 3 
15 of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

<Example 1> 

20 

Two types of powders (1) and (2) manufactured by the air atomizing method as shown in Table 1 were 
prepared. Their max. particle size was below 300 ^m and the mean particle size, 35 ^m. 



Table 1: Powder composition (wt%) 



25 



No. 


Mg 


Cu 


Si 


Mn 


Fe 


Ni 


Al 


(1) 


1.3 


0.4 


23.9 


0.6 


0.4 


Tr. 


Bal. 


(2) 


1.7 


3.9 


0.1 


0.6 


4.9 


5.7 


Bal. 



30 

These powders were annealing treated at 400*^0. Thereafter, with an acetone solution of myristic acid ap- 
plied to a metal mold, the powders were nnolded into 10 x 10 x 55 mm test pieces at a molding pressure of 7 
ton/cm2. The molded products were sintered for 4 hours at 540''C in three types of normal-pressure atmos- 
pheres as specified below in which a nrtrogervcombination accelerating component gas has been introduced 
^ to 0.005 atm. 

(a) In a normal-pressure atmosphere with a 0.99 atm or nnire nitrogen partial pressure and a 0.005 atm 
or less steam partial pressure; 

(b) In a normal-pressure atnrK)sphere with a 0.99 atm or more argon partial pressure and a 0.005 atm or 
less steam partial pressure; and 

^ (c) In a normal-pressure atmosphere with a 0.90 atm or more nitrogen partial pressure and a 0.05 atm or 
less steam partial pressure 

The sintered products were solution treated at the same temperature as the sintering temperature, and 
thereafter subjected to aging at 170"^^. 

Table 2 lists the dimensional changes and characteristic values in sintering. 

45 



50 



55 
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From Table 2, it is understood that sintered alloys having superior characteristics can be obtained by ef- 
fecting the sintering under progress of combinatbn with nitrogen in a nitrogen atmosphere in which the steam 
partial pressure is suppressed. 

Fig. 1 shows the structure of nitrogen compounds observable in the sintered products of powder bompo- 
5 sitions (1 ) and (2) through a scanning type electron microscope. 

<Example 2> 

Two types of powders (1) and (2) manufactured by the air atomizing method as shown in Table 3 were ' 
10 prepared. Their max. particle size was below 300 ^m and the mean particle size, 42 ^m. 



Table 3: Powder composition (wt%) 



IS 



No. 


Mg 


Cu 


Si 


Mn 


Fe 


Al 


(1) 


0.04 


0.27 


25.6 


0.17 


0.48 


Bal. 


(2) 


0.59 


0.35 


25.3 


0.21 


0.49 


Bal. 



These powders were annealing treated at SOO'^C. Thereafter, with an acetone solution of myristic acid ap- 
20 plied to a metal nix>ld. the powders were molded into 1 0 x 1 0 x 55 nrun test pieces so that the molded product 
relative density would fell in the range of 93.0 to 93.5% at a nrK)ldlng pressure of 7 ton/cm^. The molded products 
were sintered for 6.5 to 4 hours at 560^C in normal-pressure atmospheres with a 0.99 atm or wore nitrogen 
partial pressure and a 0.003 atm or less steam partial pressure in which a reducing gas had been added to 
0.004 atm. Table 4 lists the characteristic values of the sintered products. Fig. 2 shows the microstructure of 
25 the 4-hour sintered products. 
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From Table 4, it can be observed that Si was diffused beyond old grain boundaries, exhibiting Ostwald 
growth, and that the resulting sinterability was rennarkably improved. Thus, it is understood that superior sin- 
tered product characteristics were obtained. 

5 <Example 3> 

Three types of Al - Si system alloy powders manufactured by the air atomizing method as listed below were 
prepared, their particle size being 5 to 149 ^m. 

(1) Al - 9.0 Si - 1.4 Mg - 0.5 Cu - 0.3 Mn - 0.5 Fe alloy powder; 
10 (2) Al - 1 6.6 Si - 1 .5 Mg - 0.5 Cu - 0.4 Mn - 0.6 Fe alloy powder, and 

(3) Al - 24.8 Si - 1 .8 Mg - 0.4 Cu - 0.3 Mn - 0.7 Fe alloy powder 

These powders were annealed at 400^C. Thereafter, with a powder lubricant added to 1 wt%, the mixed 
powders were granulated into sizes of 20 to 400 ^m by a mechanical granulator. The granulated powders were 
molded into such a side plate shape as shown in Fig. 6 with a pressurizing area of 26 an^ by using a hydraulic 

15 200 ton press so that the molding density would be 90 to 94%. The molded products were sintered in an oven 
into which a gas with a reducing gas added to 0.002 atm and its steam partial pressure being 0.003 atm or 
less had been flowed. The temperature inside the oven was 540°C. and the heating time in the oven was 2 
hr. The sintered products were water cooled after sintering, and subjected to MO^'C x 8 hr aging process. Table 
5 lists the dimensional changes and characteristics in sintering. Rg. 3 shows photographs of the structure of 

20 the heat-treated products and that of the heat-treated materia! of cast A390 alloy. In addition. Al powder + Si 
powder Mg powder were mixed to prepare a structure (3) equivalent mixed powder as a comparative material. 
The characteristics of the sintered product produced from the comparative material in the same production con- 
ditions and those of the case ADC12 material are also included in the table. 
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ADC12 1 


Casting 


1 


1 


a 
o 


20.3 1 


67.1 1 


CO 

— 


Mixing- 
sintering 


+0.22 


0.35 


5050 


17.3 


14.7 


Invention sintering 


-0.84 


0.02 


8100 


16,2 




CM 


-0.61 


0.04 


7590 


18.1 


73.4 




-0.56 


0.04 


7410 


19.9 


71.1 1 


Composition 
No. 


Production 
method 


1 Dimensional change % 


fl Sintered product 

1 flatness mm 


1 Young's modulus kg/mm' 


1 Coeffipient of thermal 
1 expansion xlO-*/K 


1 Hardness H,B 


Item 
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From Table 5, it can be understood that according to the invention method products having complex shapes 
such as side plates can be produced with high accuracy and good econpmy from aluminum sintered alloys 
with low thermal expansion and superior characteristics. 

5 <Example 4> 

Four types of Al - Fe - Ni - Mn system alloy powders (1) to (4) manufactured by the air atomizing method 
as shown in Table 6 were prepared. 

io Table 6: Powder composition (wt%) 



No. 


Mg 


Cu 


Mn 


Fe 


Ni 


Si 


Tl 


Mo 


Zr 


Al 


(1) 


1.8 


3.4 


6.6 


3.2 


3.8 


7.2 


0.1 


Tr. 


Tr. 


Bal. 


(2) 


2.2 


3.9 


5.1 


0.7 


5.6 


0.1 


Tr. 


Tr. 


Tr. 


Bal. 


(3) 


3.1 


4.3 


4.9 


5.2 


0.2 


Tr. 


0.2 


0.2 


0.2 


Bal. 


(4) 


2.4 


4.1 


0.6 


5.4 


4.9 


Tr. 


0.2 


Tr. 


Tr. 


Bal. 



20 Next, the powders classified into less than 105 ^m were annealed at 400''C. Thereafter, with a powder 
lubricant added to 1 wt%, the mixed powders were molded into 10 x 10 x 55 mm test pieces at a surface pres- 
sure of 6 to 8 ton/cm^, thereby preparing nwlded products with the relative density of 82 to 88%. The molded 
products were sintered in a belt oven into which a N2 gas with a reducing gas added to 0.002 atm and its steam 
partial pressure being 0.003 atm or less had been flowed. The temperature inside the oven was 540*^, and 

25 the heating tinrte in the oven was 1 hr. The sintered products were water cooled after sintering, and subjected 
to 170'*C X 8 hr aging process. Table 7 Ists the characteristics of the sintered products. Fig. 4 shows micro- 
structures of the sintered. When the sintered products was subjected to sizing, they showed improved max. 
surfece roughness of 3 ^m and dimensional accuracy of 10 van. In addition, as comparative materials, from a 
composition (4) equivalent alloy were prepared a sintered alloy produced by using a powder having a slow sol- 

30 idif ication rate of 149 to 350 ^m under the same conditions, a sintered alloy produced by using a mixed powder 
in which 4 wt% Cu powder and 2.5 wt% Mg powder have been added to Al - 4.4 Ni - 5.5 Fe - 0.4 Mn powder 
under the same conditions, and a cast alloy produced by casting. The characteristics of their heat-treated prod- 
ucts are also included in the table. 
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By using a powder having a fast solidification rate, liquefication of the semi-stable phase accelerates the 
compaction, maidng it possible to produce alloys having superior characteristics which could not be produced 
by the casting method. No generation of liquid phase can be found even if the ground chips of the sintered 
products of the present invention. Thus, it is understood that the semi-stable phase has all transited to the 
5 stable phase. 

<Example5> 

In a melting oven in which two types of base metals as shown in Table 8 had been melted, after 2.0% by 
10 volume of AI2O3 particles with a mean particle size of 4 ^m and 1 0% by volume of SiC particles with a mean 
particle size of 9 ^m were added, partide-dispersed composite powders with a mean particle size of 40 ^m 
or so were produced by the air atomizing method. 



Table 8: Molten metal composition (wt%) 



No. 


Mg 


Cu 


Si 


Mn 


Fe 


Ni 


Ti 


At 


(1) 


1.8 


0.2 


20.1 


0.7 


0.3 


0.2 


0.1 


Bal. 


(2) 


2.1 


3.7 


0.1 


0.6 


4.5 


5.6 


Tr. 


Bal. 



These powders were annealed at 400*C. Thereafter, with an acetone solution of stearic acid applied to a 
metal nrwld, the powders were molded into 1 0 x 1 0 x 55 mm test pieces at a molding pressure of 7 to 8 ton/cm^. 
The molded products were sintered for 2 hours at 550*^0 in a normal-pressure atn[x>sphere with a 0.99 atm or 
mote nitrogen partial pressure and a 0.005 atm or less steam partial pressure in which a reducing gas had 
25 been added to 0.002 atm, and then subjected to heat treatment Table 9 liste the characteristic values of the 
heat treated products. 



Table 9: Dimensional changes and characteristics of heat treated products 



Powder composition 


(1) 


(2) 


Molded product relative density % 


94.2 


86.6 


Dimensional change rate % 


-0.78 


-2.22 


Characteristics 


Nitrogen content wt% 


0.84 


1.66 


Young's nrnxjulus kg/mm^ 


9420 


9180 


Hardness HrB 


83.7 


91.9 


Tensile strength kg/rrvn^ 


36.5 


38.4 



From Table 9, it is understood that physical and mechanical characteristics were improved by dispersion 
of the particles. 

45 <Example8> 

Two types of powders (1) and (2) manufactured by the air atomizing method as shown in Table 10 were 
prepared. Their max. partide size was below 300 \m and the mean particle size, 35 ^m. 

50 Table 10: Powder composition {wt%) 



No. 


Mg 


Cu 


Si 


Mn 


Fe 


Ni 


Al 


(1) 


1.3 


0.4 


23.9 


0.6 


0.4 


Tr. 


Bal. 


(2) 


2.2 


3.9 


0.1 


5.1 


0.7 


5.6 


Bal. 



These powders were mixed with 2% by voiunfie of yttria particles with a mean particle size of 1.2 Mm and 
thereafter subjected to mechanical crushing and recoalescing process by using a high-energy ball mill. After 
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these powders were annealing treated at 420°C, with an acetone solution of stearic acid applied to a metal 
nnold, the powders were molded into 30 x 40 mm tablets at a surface pressure of 11 ton/cm^. The molded prod- 
ucts were sintered for 4 hours at 540^C in a normal-pressure atmosphere with a 0.99 iatm or more nitrogen 
partial pressure and a 0.005 atm or less steam partial pressure in which a reducing gas had been added to 
0.02 atm, and then subjected to heat treatment. The sintered products were subjected to a sizing process so 
as to be formed into tablets with a roundness of 10 fim. Table 11 lists the characteristic values of the heat- 
treated products. 
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55 From Table 1 1 , it is understood that the physical and mechanical characteristics were improved by disper- 

sion of the particles. 
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<Exainple 7> 



Two types of powders (1) and (2) manufactured by the air atomizing method as shown in Table 12 were 
prepared. Their max. partide size was below 300 ^m and the mean particle size. 35 ^m. 

5 



Table 12: Powder composition (wt%) 



10 



No. 


Mg 


Cu 


Si 


Mn 


Fe 


Ni 


A! 


(1) 


1.3 


0.4 


23.9 


0.6 


0.4 


Tr 


Bal. 


(2) 


1.7 


3.9 


0.1 


0.6 


4.9 


5.7 


Bal. 



These powders were annealed at 350*'C. Thereafter. lOand 20 wt%of 2024(AI- 4.1 Cu- 1.4 Mg-0.4 Mn 
- 0.3 Si) alloy powders were mixed and further 1 wt% of powder lubricant was added thereto, followed by blend- 
15 ing wit h a V blender. The mixed powders were molded into 1 0 x 1 0 x 55 mm test pieces at a surfece pressure 
of 7 ton/cm^. The sintered products were sintered for 2 hours at 550^*0 in a normal-pressure atmosphere with 
a 0.99 atm ornwre nitrogen partial pressure and a 0.005 atm or less steam partial pressure in which a redudng 
gas had been added to 0.04 atm, and then subjected to heat treatment. Table 13 lists the characteristic values 
of the heat-treated products. 

20 Fig. 5 shows photographs of the structure of the heat-treated product in which 10 wt% of 2020 powder 
was mixed to powder (1) sintered at 540°C and that of the heat-treated product in which 10 wt% of 2024 powder 
was mixed to powder (2). 



Table 13: Tensile strength 



Powder composition 


Mixing content of 2024 powder (wt%) 


0 


10 


20 


(1) 


35.7 


38.8 


40.2 


(2) 


37.0 


39.1 


42.5 



From Table 13, it is understood that mechanical characteristics were improved by mixing and addition of 
soft partides. 

35 

<Example 8> ) 



By using the powders evaluated in Example 2, sintered materials and powder forged materials were pre- 
pared. The conditions for producing sintered materials were similar to those in Example 2, except that the sin- 
40 teringtimewas4hr. 

Tests were conducted by a thrust type friction tester which works in such a way that a ring-shaped test 
piece and a plate test piece are slid in a wet process. The plate member was implemented by a heat-treated 
A390 (Al - 17 Si alloy). The sliding area was 1.2 cm^, and the sliding speed was 4 m/sec constant The load 
was the step-up type, in which it is increased in steps of 5 kgf for every one minute, up to 500 Icgf. If the seizure 
45 occurs before the tester reaches the last load, the tester stops, where the load was regarded as a seizure load. 
Table 14 lists the test results, showing that the invention sintered materials have Si crystals or coin deposits 
of appropriate form effective to wear resistance uniformly dispersed, exhibiting superior wear resistance char- 
acteristic, compared with the powder forged materials. In particular, sintered product (2) exhibited a matrix 
structure exceeding himv 200, superior in wear resistance. 

60 
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<Example 9> 

An Al- 5.5 Mn - 3.4 Ni - 1.4 Fe - 3.7 Cu - 2.2 Mg alloy powder manufactured by the air atomizing method 
was prepared. Its max. particle size was 105 ^m or less and the mean particle size, 38 ^m. 
5 This powder was annealed at 400''C. Thereafter, with 0.7 wt% of a powder lubricant mixed thereto, the 

powder was nrtolded Into 40 x 16 x 5 mm test pieces at a molding pressure of 7 ton/cm^. In molding, the powder 
was sintered for 2 hours at 540''C in a normal-pressure atnK)sphere with a 0.99 atm or nr>ore nitrogen partial 
pressure and a 0.04 atm or less steam partial pressure in which a reducing gas had been added to 0.003 atm, 
followed by heat treatment. The heat-treated products were ground by both surfaces after grinding process, 
10 and then processed into 38.8 x 15.6 x 4.4 mm sliding vanes for use in rotary compressors. 

Further, an Al - 16.6 Si - 1 .5 Mg - 0.5 Cu - 0.3 Mn - 0.6 Fe alloy powder manufactured by the air atomizing 
method was prepared. Its max. particle size was 149 ^m or less and the mean particle size, 42 ^m. 

This powder was annealed at400''C. Thereafter, with 1 wt% of powder lubricant mixed thereto, the powder 
was molded into a 59.5 nrun-in-diameter rotor shape with 3.8 mm wide four grooves, under a molding pressure 
15 of 6 ton/cm2. The molding was carried out by sintering the powder for 4 hours at 540''C in the same normal- 
pressure atmosphere as with the vane materials, followed by heat treatment The heat-bBated products were 
processed into compressor rotors by grinding the vane grooves after turning their end faces. 

Next, when the invention rotor and invention vane were operated in combination for 300 hr at the number 
of revolutions of 4800 rpm, both the rotor material and the vane material showed an wear anxMjnt of 5 Mm or 
20 less, which is practically applicable level. Also, compared with iron-based compressor of the same design, vh 
brations and noise were reduced 20% or more, with 8% increased efficiency. 

Moreover, when a compressor was operated at the same number of revolutions with the vane material Ni- 
P plated, it showed no efficiency reduction even after 1000 hr operation. 

According to the present invention, there are provided aluminum sintered alloys with high accuracy and 
25 high density which are excellent in mechanical and physical characteristics as well as superior in wear resis- 
tance, and which can be produced by atmospheric sintering methods that allows a high degree of freedom of 
shaping without plastic working. The sintered products by the present invention lend themselves to a variety 
of applications to various types of mechanical parts and sliding parts, for example, compressor parts such as 
side plates, housings, cylinders, casings, vanes, shoes, and rotors, automobile parts such as timing pulleys, 
30 oil pump rotors, and bushings, and business machine components such as rollers, gears, and bearings. 



Claims 

35 1. A nitrogen-combined aluminum sintered alloy which comprises 0.4 to 4.0% by weight of Mg and 0.2 to 
4.0% by weight of nitrogen. 

Z A nitrogen-combined aluminum sintered alloy as claimed in daim 1 , wherein a nitrogen compound is gen- 
erated on prior powder interfaces or prior powder surliaoes, and wherein the thickness of the nitrogen conv 
40 pound layer is 10 |im or less. 

3. A method of producing nitrogen-combined aluminum sintered alloys, whk:h comprises compression-mold- 
ing in the rapidly solidified aluminum alloy powder resulting from solkjifying aluminum alloy molten metal 
containing 0.4 to 4.0% by weight of Mg at a solkj if toation rate of 1 0^/sec or more after annealing in the 
^ temperature range of 250 to 450°C if necessary; sintering the molded products by generating nitrogen 

compounds on the powder surface at atmospheric pressure with a 0.8 atm or more nitrogen partial pres- 
sure and a 0.01 atm or less steam partial pressure in which a reducing gas component has been added 
to 0.01 atm or more as a nitrogen combinatbn accelerating gas component 

^ 4. A method of producing aluminum sintered aitoys with high dimensional accuracy as claimed in daim 3, 
wherein the partkde size of the atomized powder is 350 \i or less in its maximum partide size and 75 ^m 
or less in its mean partide size. 

5. A method of aluminum sintered alloys with high dimensional accuracy as daimed in daim 3 or 4, wherein 
^ the atomized powder is subjected to mechankal granulation treatment 

6. A method of producing aluminum sintered alloys with high dimensional accuracy as daimed In any of 
claims 3 to 5, wherein the mdded product's relative density is 90% or more, the sintered material is sin- 
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tered into the sintered producTs relative density from 90% to 99% in the temperature range of 500 to 
570X, the dimensional change rate in sintering is within 1.5%, and the tensile strength of the sintered 
product is 25 kg/mm^ or nrK>re. 

A method of producing aluminum sintered alloys as claimed in any of daims 3 to 5, wherein the molded 
product's relative density is 70% or more, the sintered material is sintered into the sintered producf s rel- 
ative density of 90% to 99% in the temperature range from a liquid-phase generation temperature of a 
semi-stable phase generated by rapid solidification of the powder to the melting point of the powder, and. 
the tensile strength of the sintered product is 30 kg/mm^ or more. 



A method of producing aluminum sintered alloys with high dimensional accuracy which are excellent in 
wear resistance and has a low thermal expansion coefficient as claimed in daim 6. wherein the aluminum 
alloy molten metal contains 4.0 to 40.0% by weight of Si and, as required, one or more components se- 
lected from Cu, Mn, Fe, and Ni within 2% by weight in total, the rest having a compositton composed sut>- 
stantially of aluminum. 

9. A nnethod of produdng aluminum sintered alloys which are excellent in wear resistance and has a low 
thermal expansion ooeffident as claimed in daim 7, wherein the aluminum alloy molten metal contains 
1 .0 to 8.0% by weight of Cu as well as totally 5.0 to 30.0% by weight of one or tr\ore component selected 
from Fe, Ni, and Mn and, as required, further contains 8% by weight or less of one ore more component 
selected from Si, Ti, Cr, V, Mo, and Zr, the rest of the nK>lten metal having a composition substantially 
composed of aluminum. 



10. A method of produdng aluminum sintered alloys which are superior in wear resistance and has a low ther- 
mal expanston co6ffk:ient as daimed in any of daims 3 to 9, wherein the aluminum alloy nfK>lten metal 
has 0.5 to 30% by volume of partides of at least one type selected from an intermetallic compound, car- 
bide, oxkle, nitride, boride, and sDicide added therein. 

11. A method of produdng aluminum sintered alloys as daimed in any of claims 3 to 9, further comprising 
between the process of produdng powder rapid sdklrfication and the process of compression molding 

30 the steps of: adding and mixing 0.5 to 30% by volume of partides of at least one type selected from an 

intermetallic compound, carbide, oxkfe, nitride, boride, and silicide, to the aluminum alloy powder, and. 
as required, integrating the mixture finely and uniformly into the aluminum alloy powder partides by a 
mechanical crushing and recoalescing process. 

35 12. A method of produdng aluminum sintered alloys as daimed in any of daims 3 to 11 . the method further 
comprising before the molding process a step of: adding and mixing 30% by weight or less of an aluminum 
alloy powder which contains 0.4 to 4.0% by weight of Mg with a hardness lower than that of the following 
aluminum alloy powder and which has a composition substantially composed of 85% by weight or more 
of aluminum. 

40 
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FIG.1 



Structure of nitrogen compounds 
observable in sintered products (xl5,000) 
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FIG.2 

Microstructures of sintered products 
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FIG.3 



Microstructures of sintered products 
and casted alloy products 
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FIG. A 
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FIG.5 

Microstructures of sintered products 
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